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TO FACILITATE CIRCULATION PLANNING IN BUILDINGS USED FOR
HIGHER EDUCATIONAL INSTRUCTION AND RESEARCH, A Flux STUDY
WAS CONDUCTED WITH THE INTENT OF DEVELOPING GENERALIZED
RECOMMENDATIONS FOR HORIZONTAL AND VERTICAL CIRCULATION
FACILITIES. A SURVEY TECHNIQUE WAS DEVELOPED AND APPLIED TO
FOUR CLASSROOM AND TWO RESEARCH BUILDINGS IN CI-TER TO OBSERVE
AND RECORD----(1) CIRCULATION ON FARTICULAR FLCORS DURING PEAK
WORK LOADS, (2) NUMBER CC PERSONS IN EACH RCOM ON A FLODR
CURING THE MORNING; (3) THE LENGTH OF THE KEY CIRCULATION
ROUTES, (4) TRAVEL TIME CF KEY ROUTES DURING NON PEAK
PERIODS, AND (5) TRAVEL TIME CC KEY ROUTES DURING PEAK
PERIODS. DATA ON PERMISSIBLE DENSITY, CLASSROOM UTILIZATION
AND PLANNING STANDARDS WERE CONSIDERED IN THE RECOMMENDATIONS
FOR HCn7IZONTAL CIRCULATION. IN ADDITION TO THESE FACTORS,
VERTICAL CIRCULATION RECOMMENDATIONS CONSIDERED LAND,
BUILDING AND CIRCULATION FACILITIES COSTS. IN CI1DER TO PLACE

THE STUDY WITHIN THE FRAMEWDRK CC CORRECT DESIGN PRACTICE THE
HOCIZONTAL AND VERTICAL CIRCULATION RECOMMENDATIONS WERE
COMPARED WITH BUILDING CODES CF TVA) CITIES, THREE STATES AND
TWD NATIONAL ASSOCIATIONS. IN ADDITION TO INTRA--BUILDING
CIRCULATION, CLASS SCHEDULING AND PHYSICAL PLANT LOCATION
WILL DETERMINE CIRCULATION TIME AND DISTANCE. SURVEY
PROCEDURE AND THE DATA COLLECTION FORM ARE PRESENTED IN THE
APPENDIX. (OH)
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 1. C
orridors: R

ates of T
ravel from

M
ost R

em
ote P

oint" to S
tair for

S
elected F

loors of F
our C

lassroom
B

uildings

S
urvey Location and H

our
N

um
ber of

C
orridor D

ensity
P

ersons per
( population per 1000

F
loor

square feet)

T
ravel T

im
e from

 M
ost

R
em

ote P
oint" to S

tairs

D
uring

B
etw

een
C

lasses
C

lasses
( in seconds

E
xam

ple A
 (capacity 330)

9:00-9:50
186

20
9:50-1 0:00

98
18

10:00-1 0:50
227

20
10:50-1 1:00

119
20

11:00-1 1:50
115

20
11:50-1 2:00

60
20

12:00-1 2:50
194

20
12:50 1:00

102
20

E
xam

ple B
capacity 601 )

9:10-1 0:00
124

21
10:00-1 0:10

142
20

10:10-1 1:00
131

21
11:00-1 1:10

151
21

11:10-1 2:00
92

21
12:00-1 2:10

106
21

E
xam

ple C
capacity 228 )

9:10-1 0:00
57

5
10:00-1 0:10

59
5

10:10-1 1:00
45

5
11:00-1 1:10

47
5

11:10-1 2:00
92

5
12:00 i 2:10

96
5

12:10 -1:00
56

5
1:00 1:10

58
5

E
xam

ple D
 (capacity 485)

9:05 9:55
175

20
9:55-10:05

107
17

10:05-10:55
157

20
10 :55 -1 1:05

96
17

1 1:05 -1 1:55
207

20
11:55-12:05

125
17

12:05-12:55
217

21
12:55 1:05

132
17

' T
he

m
ost rem

ote point
is defined as the classroom

 door at the
greatest distance from

 a stairw
ay.

f;

that the
presence of a four-car elevator bank on

this floor (the eighth floor of the
building) reduc-

ed the effective capacity of the corridor; there is
reason to believe that, except for the crow

ding
w

hich took place at the elevators, the
elapsed

travel tim
e at the class break w

ould not have
exceeded seventeen seconds.

It is interesting to
note that, in one instance

(exam
ple B

), the
elapsed tim

e at the class break, w
ith a corridor

density of 142, w
as one second less than the tim

e
required to traverse the sam

e route w
hen classes

w
ere in session.

A
ctual speed in these exam

ples
varied from

 3.4 to 4.2 feet
per second, w

hich is
reasonably close to average w

alking rates.
Partly as a result of this data and partly

on
the basis of m

ore general
experience, a figure of

165
persons per 1,000 square feet of corridor is

suggested as an acceptable
upper lim

it.
T

o the
extent that the

survey sam
ples are typical, this

figure autom
atically provides for the effects of

tw
o-w

ay traffic,, students chatting in the m
iddle of

the corridor arid such other
individually indeter-

m
inate elem

ents.
B

. Planning Standards and C
lassroom

 U
tilization

If all the seats in a classroom
building w

ere
filled at all hours of the

teaching w
eek, that is, if

utilization w
ere equal to

capacity, then the sug-
gested corridor density of 165

persons per 1,00()
square feet w

ould be useful as a planning standard
in the design of the building. T

he architect
w

ould
sim

ply provide six
square feet of corridor space

for each classroom
 seat.

H
ow

ever, this w
ould overstate the real circu-

lation requirem
ents, for in

practice there are
alw

ays m
ore seats than there are students at

any
one hour.

T
he problem

, then, is to discover the
ratio betw

een utilization and
capacity.

T
hen the

density figure of 165 can be increased to take
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ir
w

el
l a

re
a.

'
T

he
 e

ff
ic

ie
nc

y 
of

 th
is

 in
st

al
la

tio
n 

is
op

en
 to

se
ri

ou
s 

qu
es

tio
n.

T
he

 a
bi

lit
y 

to
 c

ar
ry

 o
nl

y 
40

pe
rc

en
t o

f 
th

e 
st

ud
en

t s
ta

tio
n 

ca
pa

ci
ty

 in
 th

e 
cl

as
s

br
ea

k 
in

te
rv

al
s 

is
 n

ot
 n

ec
es

sa
ri

ly
 u

nr
ea

lis
tic

 in
its

el
f.

It
 is

 th
e 

eq
ui

va
le

nt
 o

f 
60

 p
er

ce
nt

 o
f 

th
e

po
pu

la
tio

n 
po

st
ul

at
ed

 e
ar

lie
r,

 th
at

 is
, 6

0 
pe

rc
en

t
of

 tw
o-

th
ir

ds
 o

f 
ca

pa
ci

ty
. W

hy
 d

oe
sn

't 
th

e
re

-
m

ai
nd

er
 o

f 
40

 p
er

ce
nt

 o
f 

th
e 

st
ud

en
ts

 r
eq

ui
re

el
ev

at
or

 s
er

vi
ce

?
Pr

es
um

ab
ly

 b
ec

au
se

 th
ey

 u
se

th
e 

fi
rs

t o
r 

se
co

nd
 f

lo
or

, o
r 

re
m

ai
n

on
 th

e 
sa

m
e

fl
oo

r 
th

at
 h

ou
se

d 
th

ei
r 

pr
ec

ed
in

g 
cl

as
s,

or
 b

ec
au

se
m

ov
in

g 
be

tw
ee

n 
cl

as
se

s 
in

vo
lv

es
a 

ch
an

ge
 o

f 
on

ly
on

e 
or

 tw
o 

le
ve

ls
. T

he
 r

ea
l p

ro
bl

em
 a

ri
se

s 
in

 th
at

a 
fu

ll 
te

n 
m

in
ut

es
 is

 r
eq

ui
re

d 
to

 tr
an

sp
or

t t
he

1,
60

0 
st

ud
en

ts
 w

ho
 w

ou
ld

 r
id

e 
in

 th
e 

el
ev

at
or

s.
T

he
 m

an
 o

n 
th

e 
te

nt
h 

fl
oo

r 
w

ill
 p

ro
ba

bl
y 

re
qu

ir
e

tw
o 

m
in

ut
es

 a
nd

 4
5 

se
co

nd
s 

to
 le

av
e 

th
e 

bu
ild

in
g

bu
t, 

de
pe

nd
in

g 
on

 th
e 

di
st

ri
bu

tio
n 

of
 th

e 
lo

ad
, h

e
m

ay
 n

ot
 e

ve
n 

be
 th

at
 lu

ck
y.

2
In

 a
ny

 c
as

e 
th

e 
tr

ip
ta

ke
s 

al
m

os
t t

w
ic

e 
as

 lo
ng

 a
s 

a 
w

al
k 

do
w

n
or

 u
p

fr
om

 th
e 

fi
rs

t t
o 

th
e 

fo
ur

th
 f

lo
or

on
 a

 p
ro

pe
rl

y
si

ze
d 

st
ai

r.

IT
he

 s
av

in
gs

 in
 s

ta
ir

w
el

l a
re

a 
w

ou
ld

 a
t m

os
t e

qu
al

 th
e

in
cr

em
en

t b
et

w
ee

n 
th

e 
st

ai
r 

w
id

th
 a

s 
de

te
rm

in
ed

 b
y 

co
de

an
d 

as
 r

ec
om

m
en

de
d 

in
 th

e 
pr

ev
io

us
 s

ec
tio

n 
of

 th
is

re
-

po
rt

.
It

 is
 v

er
y 

do
ub

tf
ul

 if
 th

is
 in

cr
em

en
t w

ou
ld

 e
xc

ee
d

on
e 

pe
rc

en
t o

f 
th

e 
gr

os
s 

ar
ea

 o
f 

th
e 

bu
ild

in
g.

2T
he

 a
ve

ra
ge

 w
ai

tin
g 

tim
e 

is
 4

5 
se

co
nd

s.
T

w
o 

m
in

ut
es

ar
e 

co
ns

um
ed

 f
or

 th
e 

tr
av

el
 ti

m
e 

of
 th

e 
el

ev
at

or
 in

 it
s

de
sc

en
t, 

al
lo

w
in

g 
tim

e 
fo

r 
st

op
s.

W
hy

 s
ho

ul
d 

it 
co

st
 s

o 
m

uc
h 

to
 a

cc
om

pl
is

h
so

lit
tle

? 
T

he
 e

le
va

to
r 

ha
s 

pr
ov

ed
 it

s 
w

or
th

 in
m

an
y

si
tu

at
io

ns
.

T
he

 p
ro

bl
em

 h
er

e,
 o

f 
co

ur
se

, i
s 

th
e

sa
m

e 
as

 o
n 

th
e 

st
ai

rs
tw

o-
w

ay
 tr

af
fi

c 
in

 c
on

ce
n-

tr
at

ed
 in

te
rv

al
s.

In
 o

ff
ic

e 
bu

ild
in

gs
 th

e 
pe

ak
 lo

ad
s

at
 9

 A
M

 a
nd

 5
 P

M
 a

re
 e

ss
en

tia
lly

 o
ne

-w
ay

 a
ff

ai
rs

,
so

 th
at

 th
e 

ro
un

d 
tr

ip
 in

te
rv

al
 is

 r
ed

uc
ed

 a
nd

 th
e

ca
rr

yi
ng

 c
ap

ac
ity

 o
f 

th
e 

sy
st

em
 is

 c
or

re
sp

on
di

ng
ly

in
cr

ea
se

d.
Fo

r 
co

lle
ge

s 
th

e 
he

ar
t o

f 
th

e 
pr

ob
le

m
 is

 n
ot

th
e 

re
la

tio
ns

hi
p 

of
 e

le
va

to
r 

co
st

 to
 g

ro
un

d 
co

st
pe

r 
se

.
It

 is
 th

e 
ra

tio
 o

f 
bu

ild
in

g 
vo

lu
m

e 
to

 n
um

-
be

r 
of

 e
le

va
to

rs
. H

ea
vy

 c
on

ce
nt

ra
tio

n 
of

 p
op

ul
a-

tio
n 

sh
ou

ld
 b

e 
re

st
ri

ct
ed

 to
 th

e 
fo

ur
 lo

w
es

t l
ev

el
s,

to
 b

e 
se

rv
ed

 b
y 

th
e 

st
ai

rs
. U

pp
er

 f
lo

or
s 

sh
ou

ld
 b

e
de

vo
te

d 
to

 s
uc

h 
ac

tiv
iti

es
 a

s 
fa

cu
lty

, s
ta

ff
, a

nd
gr

ad
ua

te
 s

tu
de

nt
 r

es
ea

rc
h,

 n
ot

 n
ec

es
sa

ri
ly

 r
el

at
ed

to
 th

e 
lo

w
er

 f
lo

or
 a

ct
iv

iti
es

.
T

hu
s 

a 
te

n 
st

or
y

bu
ild

in
g 

w
ith

 f
ou

r 
fl

oo
rs

 o
f 

cl
as

sr
oo

m
s 

an
d 

si
x 

of
re

se
ar

ch
 h

av
in

g 
20

,0
00

 s
qu

ar
e 

fe
et

 p
er

 f
lo

or
 c

ou
ld

be
 s

er
ve

d 
by

 tw
o 

or
 th

re
e 

pa
ss

en
ge

r 
el

ev
at

or
s 

an
d

on
e 

fr
ei

gh
t e

le
va

to
r.

 O
nl

y 
on

e 
of

 th
e 

pa
ss

en
ge

r
el

ev
at

or
s 

w
ou

ld
 h

av
e 

to
 s

to
p 

at
 in

te
rm

ed
ia

te
 f

lo
or

s
be

tw
ee

n 
th

e 
fi

rs
t a

nd
 f

if
th

.
T

hi
s 

ty
pe

 o
f 

ju
xt

ap
os

iti
on

 o
f 

he
av

y 
an

d 
lig

ht
de

ns
iti

es
 h

as
 b

ee
n 

tr
ie

d 
su

cc
es

sf
ul

ly
 o

ut
si

de
 th

e
ca

m
pu

s.
Fo

r 
ex

am
pl

e,
 a

 s
ky

sc
ra

pe
r 

ho
te

l w
as

re
ce

nt
ly

 c
on

st
ru

ct
ed

 o
n 

to
p 

of
 tw

o 
lo

w
-r

is
e 

de
pa

rt
-

m
en

t s
to

re
s.

T
he

 h
ot

el
 e

le
va

to
rs

 u
til

iz
ed

 a
 s

m
al

l
lo

bb
y 

on
 th

e 
fi

rs
t f

lo
or

 b
ut

 o
th

er
w

is
e 

al
l h

ot
el

ac
tiv

iti
es

 b
eg

an
 a

bo
ve

 th
e 

hi
gh

es
t l

ev
el

 o
f 

th
e

st
or

es
, w

ith
 w

hi
ch

 th
e 

ho
te

l h
ad

 n
o 

ph
ys

ic
al

 o
r

op
er

at
io

na
l c

on
ne

ct
io

n.
 T

hi
s 

ty
pe

 o
f 

ar
ra

ng
em

en
t

w
ou

ld
 p

ro
vi

de
 a

 n
um

be
r 

of
 c

or
ol

la
ry

 a
dv

an
ta

ge
s

to
 th

e 
un

iv
er

si
ty

.
It

 w
ou

ld
 m

ak
e 

po
ss

ib
le

 a
 w

id
er

ge
og

ra
ph

ic
al

 d
is

tr
ib

ut
io

n 
of

 c
la

ss
ro

om
 s

pa
ce

, r
e-

du
ci

ng
 th

e 
tim

e 
sp

en
t i

n 
ci

rc
ul

at
io

n 
be

tw
ee

n
bu

ild
in

gs
.

It
 w

ou
ld

 p
ro

vi
de

 g
re

at
er

 p
ri

va
cy

 f
or

re
se

ar
ch

 o
r 

of
fi

ce
 a

ct
iv

iti
es

 b
y 

re
m

ov
in

g 
th

em

11

i
m
i
n
i
m
m
u
m
i
l
m
s

u
m
r
 
N
E
.

B
in

iu
m



fr
om

 th
e 

no
is

e 
of

 c
am

pu
s 

le
ve

l t
ra

ff
ic

.
Fo

r 
de

-
pa

rt
m

en
ts

 r
eq

ui
ri

ng
 te

ac
hi

ng
 la

bo
ra

to
ry

 s
pa

ce
 a

lo
gi

ca
l a

rr
an

ge
m

en
t m

ig
ht

 b
e 

to
 p

la
ce

 g
en

er
al

pu
rp

os
e 

cl
as

sr
oo

m
s 

on
 th

e 
lo

w
es

t
le

ve
ls

, t
ea

ch
in

g
la

bo
ra

to
ri

es
 in

 th
e 

m
id

dl
e 

an
d 

re
se

ar
ch

 a
ct

iv
iti

es
on

 th
e 

up
pe

r 
fl

oo
rs

.
E

sc
al

at
or

s,
 f

or
 c

er
ta

in
 c

om
bi

na
tio

ns
 o

f 
bu

ild
-

in
g 

he
ig

ht
 a

nd
 s

tu
de

nt
 p

op
ul

at
io

n,
 c

an
 c

ar
ry

 m
or

e
pa

ss
en

ge
rs

 f
or

 le
ss

 m
on

ey
 th

an
 e

le
va

to
rs

.
In

 th
e

ex
am

pl
es

 o
f 

th
e 

te
n-

st
or

y 
cl

as
sr

oo
m

 b
ui

ld
in

g,
pr

ev
io

us
ly

 c
ite

d,
 s

av
in

gs
 th

ro
ug

h 
th

e 
us

e 
of

 e
sc

a-
la

to
rs

 to
 th

e 
si

xt
h 

fl
oo

r,
 r

ed
uc

in
g 

th
e 

re
qu

ir
ed

nu
m

be
r 

of
 e

le
va

to
rs

, m
ig

ht
 b

e 
ab

ou
t t

en
 p

er
ce

nt
.

In
 b

ui
ld

in
gs

 o
f 

si
x 

or
 s

ev
en

 s
to

ri
es

, t
he

 m
os

t
de

si
ra

bl
e 

m
ax

im
um

 h
ei

gh
t f

or
 e

sc
al

at
or

s,
 th

e 
di

f-
fe

re
nc

e 
be

tw
ee

n 
el

ev
at

or
 c

os
t a

nd
 e

sc
al

at
or

 c
os

t
m

ay
 b

e 
co

ns
id

er
ab

ly
 g

re
at

er
.

N
ev

er
th

el
es

s,
 th

e
es

ca
la

to
rs

 c
an

 s
til

l r
ep

re
se

nt
 a

 v
er

y 
su

bs
ta

nt
ia

l
fr

ac
tio

n 
of

 th
e 

gr
os

s 
bu

ild
in

g 
co

st
, a

ll 
of

 w
hi

ch
m

ay
 b

e 
el

im
in

at
ed

 if
 th

e 
st

ud
en

t
tr

af
fi

c 
ge

ne
ra

te
d

by
 c

la
ss

ro
om

s 
an

d 
te

ac
hi

ng
 la

bo
ra

to
ri

es
 is

 h
el

d 
to

th
e 

fi
rs

t f
ou

r 
(o

r 
fi

ve
, i

nc
lu

di
ng

 b
as

em
en

t)
 le

ve
ls

.
T

he
 f

ie
ld

 s
ur

ve
y 

te
nd

ed
 to

 c
on

fi
rm

 th
es

e 
ob

-
se

rv
at

io
ns

 o
n 

th
e 

lim
ita

tio
ns

 o
f 

el
ev

at
or

 tr
av

el
 in

cl
as

sr
oo

m
 b

ui
ld

in
gs

.
Fo

r 
ex

am
pl

e,
 th

e 
tim

e 
re

-
qu

ir
ed

 to
 le

av
e 

th
e 

fo
ur

th
 f

lo
or

 o
f 

a 
se

ve
n-

st
or

y
cl

as
sr

oo
m

 b
ui

ld
in

g 
w

as
 c

on
si

st
en

tly
 g

re
at

er
 w

he
n

th
e 

el
ev

at
or

 w
as

 u
se

d,
 d

es
pi

te
 th

e 
fa

ct
 th

at
 o

nl
y

ab
ou

t 2
0 

pe
rc

en
t o

f 
th

e 
st

at
io

n 
ca

pa
ci

ty
 c

ho
se

 to
:id

e.
 T

he
 a

ve
ra

ge
 ti

m
e 

re
qu

ir
ed

 f
or

 a
sc

en
t t

o 
th

e
fo

ur
th

 f
lo

or
 a

t f
ou

r 
di

ff
er

en
t h

ou
rs

 w
as

 a
ls

o 
gr

ea
t-

er
 w

he
n 

th
e 

el
ev

at
or

 w
as

 u
se

d,
al

th
ou

gh
 o

ne
 o

f
th

es
e 

tr
ip

s 
to

ok
 f

if
te

en
 s

ec
on

ds
 le

ss
 th

an
 th

e 
fa

st
-

es
t s

ta
ir

 ti
m

e.
2.

 A
n 

A
pp

ro
ac

h 
to

 E
co

no
m

ic
 A

na
ly

si
s 

of
T

ra
ns

po
rt

at
io

n 
in

 H
ig

h 
R

is
e 

B
ui

ld
in

gs
D

es
pi

te
 th

e 
de

si
ra

bi
lit

y 
of

 e
lim

in
at

in
g 

el
ev

a-
to

rs
 a

nd
 "

or
 e

sc
al

at
or

s 
fo

r 
ca

rr
yi

ng
 s

tu
de

nt
s,

 th
er

e

12

w
ill

 b
e 

in
st

an
ce

s 
w

he
re

 th
is

 g
oa

l i
s 

im
po

ss
ib

le
 o

f
ac

hi
ev

em
en

t.
Fo

r 
ex

am
pl

e,
 e

le
va

to
rs

 to
 s

er
ve

 a
ll

fl
oo

rs
 m

ay
 w

el
l b

e 
es

se
nt

ia
l i

n 
ur

ba
n 

in
st

itu
tio

ns
co

m
pr

is
in

g 
on

e 
or

 o
nl

y 
a 

fe
w

 b
ui

ld
in

gs
, w

ith
 th

e
bu

lk
 o

f 
th

e 
sp

ac
e 

in
 c

la
ss

ro
om

s 
an

d 
te

ac
hi

ng
la

bo
ra

to
ri

es
. T

he
 p

ro
bl

em
 th

en
 m

ay
 b

e 
to

 d
et

er
-

m
in

e 
th

e 
m

os
t e

co
no

m
ic

al
 a

m
ou

nt
 o

f 
la

nd
 to

 u
se

fo
r 

a 
gi

ve
n 

vo
lu

m
e 

of
 c

on
st

ru
ct

io
n.

If
 th

e 
ar

ea
av

ai
la

bl
e 

is
 a

de
qu

at
e 

an
d 

la
nd

 c
os

ts
 a

re
 s

uf
fi

ci
en

tly
lo

w
, t

he
 b

ui
ld

in
g 

m
ay

 b
e 

ke
pt

 d
ow

n 
to

 f
ou

r 
or

fe
w

er
 s

to
ri

es
, t

hu
s 

re
qu

ir
in

g 
on

ly
 a

 s
er

vi
ce

 e
le

-
va

to
r.

 O
n 

th
e 

ot
he

r 
ha

nd
 la

nd
 c

os
t m

ay
 im

pl
y 

a
ta

lle
r 

bu
ild

in
g 

on
 a

 s
m

al
le

r 
si

te
, w

hi
ch

 m
ay

 b
e

fe
as

ib
le

 o
nl

y 
if

 e
le

va
to

rs
 a

re
 in

st
al

le
d.

T
he

 a
p-

pr
op

ri
at

e 
de

ci
si

on
 is

 a
ct

ua
lly

 a
 f

un
ct

io
n 

of
 th

e
in

te
ra

ct
io

n 
of

 la
nd

 c
os

t a
nd

 b
ui

ld
in

g 
co

st
.

B
ui

ld
-

in
g 

co
st

 (
if

 v
ol

um
e 

is
 c

on
st

an
t)

 is
 a

ff
ec

te
d 

by
 th

e
pr

es
en

ce
 a

nd
 n

at
ur

e 
of

 e
le

va
to

rs
 a

nd
by

 s
uc

h
ot

he
r 

fa
ct

or
s 

as
 m

ay
 b

e 
a 

fu
nc

tio
n 

of
 s

ha
pe

 r
at

he
r

th
an

 b
ul

k.
Fi

na
lly

, e
le

va
to

r 
ar

ra
ng

em
en

t f
or

 a
bu

ild
in

g 
of

 g
iv

en
 v

ol
um

e 
an

d 
sh

ap
e 

is
 a

 f
un

ct
io

n
of

 th
e 

si
ze

 a
nd

 a
ct

iv
ity

 p
at

te
rn

s 
of

 th
e 

po
pu

la
tio

n.
T

he
se

 r
el

at
io

ns
hi

ps
 c

an
no

t b
e 

ex
pr

es
se

d 
in

do
lla

rs
 e

xc
ep

t f
or

 a
 s

pe
ci

fi
c,

 in
di

vi
du

al
 in

st
an

ce
.

T
he

 r
an

ge
 o

f 
va

ri
ab

le
s 

is
 to

o 
gr

ea
t t

o 
pe

rm
it

ge
ne

ra
liz

at
io

ns
 o

n 
co

st
. F

or
 e

xa
m

pl
e,

 th
e 

el
ev

at
or

or
 e

sc
al

at
or

 s
ys

te
m

 in
 a

bu
ild

in
g 

is
 n

ot
 a

 s
ta

nd
ar

d-
iz

ed
 c

om
po

ne
nt

 b
ut

 a
 c
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